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5 — "1 af < ~ he invention 

TKe p*~~* in^on relate- to * novel syntax- of 

al^noxane edition* . Alumina* a~ well known 
events for olefin polymeria** on ^taly-ta. 

Alunu-noxane «*r*~un** ar* ^emical speeds that 
^corpc^^l-O-Al n^etiea. «hile . — - 
15 aluodnoxane epacieo a~ , t~ir — * ^™ ^ 



20 



sluminoxane . . _ „ iK 

^ _d * i. an cf «- — « » » — * *°> »— 

been depicted J 

Be*"! -O-AIRb 
OUXl-O-AlBa)* 
H- |RAlO) ."Al Ro 

Cyclic and cage -luster structures have also been 
proposed. Sue* material-, a* — ^ ^ recognized by the 
~„on ox ordinary .U.H in the art ere convex mixtures 
of vaxiou, epeciea whioh can easily undergo dynamic 
MM. reaet-iana and structural rearrangements . A 
30 recent review of theeo material* was authored *y «■ 

Paeynkiovie* and appear in Polyhedron. Vol. 9, P». 429- 

453 (1990) . 

MathylaXumin"** 1 * 69 ' «omotij«ea termed 

fPUAOs) are veil Known materials 

35 with vide utility in olefin polymerisation using singla- 
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site, or ^U^-^, polymerisation «a«avst 
systems (See. for exanpxe, Col. 1, 1±»« 14-2* of O.S. 
Patent Ko. 4,9«0,B78 to G. C Crapo et al.>. ***** aw 
conventionally prepared by tmtWAM hydrolysis or 
5 trimethylaWnum (0«L) . Generally, hydrolysis occurs 
with some 1ms of aluminum to Insoluble species. 
Generally, PMhOa also h»ve very low solubility in 
aliphatic solvents, which limits their utility, as well as 
poor storage stability for solutions containing them. 
{See, for example, Col. 1. 30-46 of U.S. Patent No- 

d,9«o,s7B). Finally, it i* general ly 
polymethylBlumiftoKanea that have been the moat useful 
product* of this general class of material: other 
alkylaluminoxanea do not work aa well . Since THAI, is an 
expensive starting Material, the resulting PMAO is 
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expensive. 

The problems of low yield, poor solubility, poor 
afcoraqe stability, and expensive reagents in preparation 
of PMAO have previously been attacked, with only limited 
Success, in several ways. One method was to nate 
predominantly PMAO, but include some components from 
hydrolysis of other aluminum alkyls r to form the so-called 
"modified methylaluminoafiane" (MMAD) . This yields 
predominantly methyl -containing aluminoseanos in improved 
'25 yields, with improved solution storage stability as well 
ea improved solubility in aliphatic solvents, at lower 
cost. However, since alkyl groups other than methyl are 
present, these materials are not always as effective as 

conventional FMhO. 

The prior art contains certain disclosures which are 
deemed to be particularly germane to the pnesent 
invention, including a series of related publications by 
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Which de«rib. th. «*w».tivo Mthyl»tion «>! «K5»- 

horelnbalow: 
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PlfeOOH — > PhjGMe 

Exceaa TWAL. 19 hrs-, 80 °C 



Ph 2 CMeJOOH ■> PhtCM©* 

Sxmmh TMAL, 20 hrs . , »S °C 



(1) 



<2> 



20 



25 



Ph(Mo>*OPH ■ > **CM»» 

Hxcsass TMRIi, 18 hro.i H° ^ 

Me,COH > CM©4 

Xxoess YMU., 42 in?*., 120 "C 



Bxaese THAI., trace benzoic ac1<i, 
2 hr*,, 1?0 °C 



<3) 



(4) 
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PhC<0>Ma > 

Excess thai., 6* hro., 122 "c 



<6» 



M«tCX>- 



Bxoess 



(7> 
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PhCO«H " > J*** 8 * 



(8) 



MqOO,H > 

EXM5B TMAIi, 23 hrs.. 130 *C 
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This work focused on conversion of the organic 
•ubstrate*. and «*Y speculates occasionally an the alumina 
containing products formed. So*e of the «<W*e they do ***e 
i^lud., e.g.. Bq^tion (6) of Heist*™ S* »1. tAust. J. Ch«u. 
1974, 27, 16S5-1663) vhich shows fMejAlOMMee) * spaeulatxv* 
product; ss well as Equation («) of »t *1. tAu»t. J. 

Chen. 1*74, 27 , 166S-1672* which aleo shows IMesMOAlMerf as a 

product. Another relevant «*we*t made In these 
diaclow**- ia that these reactions do not remain homogeneous 
(flM the footnote on page 1«43 of Harney et. al, Aust. J. 
Cham. 1974, 27, 1639-1653) . 
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Another relevant co*«cnt appaar* in comprehensive 
Oroanom**ax±ie chemistry II, «.w. et al., eds. . New 

York. HT, Peroamon, 1995. Vol. 1, P- 462 where aovoral 
preparation* of aluminoxanes are Siven, including tho 8 « 
5 set forth in Equations (54)- (571 and Scheme 8. 

AluttinoKaaee of these preparative methods, however, are 
caid to be unsuitable as eooatalysts for simile-Bite 



10 



15 



catalyst* . 

Another problem well known in the art. la the 
inevitable pretence of trimethyialuminum |TMAL) in the 
poly^ethyl^luminoxane (MAO) product- xr particular, L , 
decani «t al , Mecromol. 1990, 23. 4489-4491 and the 
reference* cited therein show that PHAO prepared in the 
normal manner contain* both methyl aluminoxanm species a* 
well TMNL species. These researchers baaed their 
conclusion on, smoog other things, the presence of two 
■ignal- in the l H tWR of PMW>. Pig. lr ««— * P*** 

of the present specification, illustrates the l H MMR of 
commercially available PMAO vith the spectrum being 
eompsaed of both a broad peak, attributed to 
methylaluminoaane species, and a distinct second peak, 
attributed to trimethylaluminum specie*. M.S. Howie, 
-Methylaluminoaeane and Other Alvminox*nea-©vnthe»is , 
Characterisation and Production", Proceedings, MetCon '93 
25 pp. 245-266, catalyst Consultants Inc., Houston. TX 1993. 
has also noted that PMAO invariably contains WW.. 
instance, on pao* 247 it is stated that -MAO always 
contains soma amount of IMA". Further, Bowie notes that 
-total removal of *row mao has not been demonstrated. 
30 and reduction to low levels creates other problems*. 
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Summary 



of rhe Invention 



The present invention, in one embodiment, relates to 
a composition which is a cataiyt*eally useful 

imposition comprising alkylaluminoxane which is 
10 substantially free of trial kylaluminum content. The *H NMR 
of the product of this invention, for example, doe* not 
separately distinguish TMfcL as a spec*-- which is present 
therein. 

This invention also relates to a process For forming 
15 sluminoxanes from a particular type of aluminoxane 

precursor composition, which will be described in greater 
detail below, using non-hyd*olytie means t*-fl-, *V thermal 
and/or catalytic means) . The intermediate aluminoxane 
precursor composition, which ia ultimately capable of 
20 being transformed by the aforementioned non-bydrolytic 
means to the desired aluroinoxane product, is formed by 
treating a trialkylalurainum compound, or mixtures thereof, 
with a reagent that contains a carbon-oxygen bond. This 
treatment to form the intermediate aluminoxan* precursor 
" 25 composition is followed by the aforementioned non- 

nydroiytie transformation of the intermediate aluminoxane 
precursor composition to aive a catalytically useful 
el«mlno*shO composition. It should be clearly understood 
that the process described herein can be used to form the 
30 novftl type of alkylaluminoxano referred to in the first 

paragraph of this section of the specification as well ** 
conventional polymethylaluminoxane compositions that are 
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not aubatantiallv fx- of ~ - "» ioh ^ 

preaeot therein ea ^ ■* ~ H. _ apectru* or *- 
product. I* «fc«uld - i~* that the prooe« 

scribed herein is useful for the f oration or 



iB _- nftra i . as twll s« the formation of 
o alkylaluminc*anea, » general, aB . 4rwblfe 

poavnu.thylaltHoinoxane. in »t *t a»y be deeirable 

^obtain e polv^thylal«.i-xaao with a 1- free 

—a. content. Ho^r, the an»unt of free ««L rcnainin* 
in the 1u-ino»ne ««*>oaition -ay be edited *nm ~ry . 
10 low lowla ^ over 50% by controlling the staichioxnetry 
and reaction condition in the proce-e- 

The pre-ent invention, m a preferred «bodi»ant, 
enable, one to produce poly»ethylelumino»ne oowpoextxona 
of improved eolutien etability which alao nave the 
^-irabie feature of ooapatibility with aliphatic 
Hydrocarbon advent-, euoh M h-*a n., hcpta^ 
aeeana. The proeeaa allow* for hi-*h recoveries (yields) 
of eli****. value* in the desired product. A1*C 

the procea. produce- an methylalumino^ne product gxvina 
high ectxvitiee in polymerisation of olefin monomer («> . 
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n««p_yiPti of the Drawings 



The Drawinca which form a portion of this 

^•^^ horawith to further jllostrtte 
- 25 Specif ioation are provided bbwiui 

certain attribute* of the preaent invention. Pig. 1 
illuatratea the *H KM* of eo^cially available PMAO wit* 

apectrum being eompoaed of both a broad peak, 
attributed to e*thyl*Wno*ane aped*-, and a di.tinct 
30 aecond peak, attributed t« triinethylaluoiinum apeciea . 
Pi*. 2 abowa a novel product that oan be made, in 

accordance witb one particular em*»din«i.t of the proc— 
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of the present invention, which is ***UY handled and 
which performs well, out which is substantially fro* of 
TOM, „ * specie* that can be irately distinguished by 

a H HHR. 

5 



n^egl ption of Pre ferred Bajbodirosntg 
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A, 3 u«t mentioned, preferred ewbodaiftont* of tho 
present invention relate to (1) a process for fanning, by 
tne non-hydroiytic conversion of suitably constituted 
^lkylaliiaiinoxane precursor coinpo»itiona , catalytically 
useful niathylaiusdnescane coinpoei tione , and (2) 
polyi-.thylaiominaxene apposition, which are aubetantiaily 
free of triwethylaluminum content and which are 
catalytically useful mathylalumincixane campoaitionii . 

The intermediate precursor composition is an 
organoaltminum composition which is constituted such that 
it contains alkyl groups , initially bound to aluminum 
which are capable of aikylation of groups, also contained 
in the precursor, which contain a carbon-to-oicyaen bond. 
25 When the aikylation of such earbon-oxygen containing 

groups occur., the oxygen atom* contained in such groups 
in the precursor are incorporated into alkylaluminum 
^oiatiBB during that part of the pr—ant prooa-a in which 
the intermediate precursor is transformed to the desired 
30 aluminoranf* pradunt- 

It will be appreciated by a person of ordinary skill 
in the art that tnore are many ways of forming the 
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intermediate precursor ^-ition vni=h must contat« scan 

of alkyl alvminum groups as well as so*e carbon 
wh i dh i8 chemically boand to oxygen and susceptible to 
alkylate by an altylalumln™ group. For the purpoae* of 
illnatrating the nature of these precursor conditions, 
the following discussion will provide example, or »othods 
for forming suitable oumpositioiw that type. Thie 
di»o»**i.on, however, should not be construed as limiting 
tne preset invntlnn to the particular nethods which may 
be exemplified herein, for #xnr«ple, for preparing the 
p^f^rroa aiuminoxane preeurao* composition, which nay 
incorporate a wide range of chemical species therein 
without preoxsely known ohemical structure. **** instance, 
as will become apparent Crow the following description, if 
a ketone, auch as benBOphencne, is reaoted with a 
trlaiaylaluminum eomponnd, auch aa triii»thylalumimim, an 
addition reaction will occur- *he roault will be a 
flompoeltion containing alkylaluminum groups <in t*i* case, 
iMthylaluminum) and functional groups where carbon is also 
bound to owen <in this case, * 1,1-diphenyl-athoxy 
functional group) s 

MosM + O.B BaO-O — > Mei.rfU <OC(Ph) *MS) ».« 

Analogous precursor compositions can be formed in 
alternative ways, as will be described in more detail 
below. As another example, a salt metathesis reaction can 
be depicted as follows t 



Me, iS AlCl,,. B + t>-8 NaOC {PhJ ^ 



Me s . 9 Al(QC(Ph> ! iMa)«.o + 0.8 WaCl 
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As earlier mentioned, the precursor intermediate 
composition can 1m fowed by using & reagent, containing a 
carfeon^to-oacrgen chemical bond. Suitable reagents whie* can 
5 be -used can bo selected from the alcohols, the ketones, and 
the aarboxylic adds ae representative example*. A 
particularly suitable inorganic reagent which haa been found 
to work ia carbon dioxide. 

In the preferred «nbodimant of the present invention , 

10 this precursor composition ie formed by treating 

trine thy 1 elumi man with an oxygenated organic compound such as 
an alcohol, ketone, oarboao/lic acid or carbon dioxide. In the 
caee of oerboxylic agld n or carbon dioxide, acme aluminoxane 
moieties will form (aee p for «eaH*>le, copending application 

15 U.S. Serial Mo. 08/651.290, filed on way 22, 1MB). in ail 
these cases, as is well known in the art (aee r for instance, 
the citations to exhaustive methyl a ti on given above, and 
references cited therein) , alkoacyaluminum or 
ftxylalkoxyaluminum mote tlea will be formed. The following 

20 equation* represent posaible. non- limiting, examples of the 
reactions of trime thyl aluminum and onygenated organic 
noleoules to form alkoxyal umi nutn or arylalkoxyaliuninum-bwaed 
elnnilnoxane precursor compositions (R and R' being the «nm ox 
different and being selected from alkyl and/or aryl and TWu* 

26 indicating triwethylaltatiinum) : 

ROB + 2 IteaU > MeH + Me*Al* (OR) <*! 

RQH + Ma^Al > MeH 4. 1/2 (Me^Al* (OR) e) 

3D 
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BGfeH+ 3 He*l 



The most preferred entodiment of the present invention ia 
to ueo * oarboxylio acid or auton dioxide as they form both * 
,nethylalumino»ne precursor containing t*e alkoxyeauminum or 
arylalkoxymluminum moioties and the desired ,««thylaiumino*ane 
products - 

Once this preferred methylaluminoarane precursor 
composition ±* fotmod, the toy component of the present 
invention is the tharmal end/or eatalytio t*«i«for»atio« of 
15 this precursor to form the dealred oatalyticelly useful 

methylaluminoxan* composition. While the prior art teaches 
that these pxeoureor oos-posxtiona can be transformed to form 
exhaustively methylated organic derivatives, it does not 
disclose the formation of catalytically active aiuminoxane 
wwwitions. nor does it teach the proper condition* to form 
such a catalytically useful composition comprising methy- 
laluminoxane. A recent review in the prior art (Cow>rehenaive 
Organomotallio Chomistry II, Vol. 1, P- 452> suggests, in 
fact, that polvmethylaiuminoxane processes based on carboxyl 
acid reagents "do not produce aluminoseanes suitable for 
catalytic applications''. The prior art additionally fail* to 
recoonire the aliphatic hydrocarbon solubility and 
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improved storage Btabillty ewracwrli.tles of the 
preferred products of the proceM of the present lotion 
»• veil as the possibility of manufacturing the novel lo« 
TOKU-oontaining product of certain •abodiManta of the 
5 instant invention. The prior art appear* to be ailent on 
exhau.tiv* methylAtlon of carbon dioxide. Furthermore, aa 
the Examples provided hereinbelo* illustrate, we have 
discovered conditions where this reaction remain* 
homotfeneoua. in contraat to the heterogeneous example of 

10 the prior art. 

The present invention ha* also discovered that 
formation of PMM, for sample, by the present invention 
yields, in certain ertbodiaenta , a product BUMtanmuy 
free of TMM. since separate signals for PWO and THfcL are 
15 not observed in the * hmr spectrum of the product. 

The process of the preaent invention produces high 
recoveries cf aluminum as cohered to hydrolytie proeeaaea 
for waking aluminoxanes as conventionally known to the 
art. The process of the present Invention also is capable 
20 of producing polymetttylaiostLnoxane vith improved etoraga 
stability as compared to hydrolytie processes for making 
aluminoxanee as conventionally known to the art. Finally, 
the process of this invention is capable of producing 
polymathylaluniinoxane in high yield in the presence of 
"25 aliphatic solvents, unlike hydrolytie processes for making 
aluminoxanes aa conventionally known tn th« art. 

The preferred toothed for transforming the 
methyiaiumitioxane precursor is to optionally add, or trorm 
in situ, a catalytically effective amount of 
30 methyialnmnoxane with the precursor and heat the material 
at the lowest temperature sufficient to effect conversion 
to the desired methyl aluainoxana composition in a 
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PO^onablo amount of tUns. This motion «n ^.o be 
facilitated by increasing the concentration of 
organo^tallio -pooi*. *Y ««*ving, or li-iting in other 
vayB t n« amount of solvent, IE solvent, which is en 
5 optional ingredient »t this point in the proee,*, 



present. 

The present invention, in it* moat preferred 
ettlbooijnaI vt x. a novel process, for forming catalytically 
uaeful DolyxnettnAalwnino^ne with the suiting, 
10 poly-ethy^lumino^ne edition, in certain embodiment* 
being a novel polymetbylaluininoxane composition which is 
aubstantially *™« ° £ tris^tnyialumxnum. *hi. process 

the thermal and/or catalytic transformation of 
an appropriately constituted precursor composition as 
1* earlier described. * preferred method for preparing the 
precursor edition is treatment of trimathylaLtaainum 
with a earboxylic acid or with carbon dioxide. However. 
** will be appreciated by a pe«on of ordinary skill in 
the art, there are -any other methods which can be used to 
20 prepare the precursor composition which is transformed 
Into the desired final product. 

If desired, supported polyalkylaluminoxane 
compositions con be prepared by conducting the 
aforementioned reaction in the presence of a suitable 
25 support material. Alternatively, supported 

aueylaiminoxanos W alaQ prepared by forming the 
alJeylalisninoKano* of this invention in a discrete, 
■eparate step and subsequently allowing the 
aJJcylalcminoicane to react with the support material. 
30 oxidic support materials, such as silica, are especially 
preferred. It is preferred to have the alfcylelumino«ane 
tn a suitable, ****** solvent a* a temperature hign enough 
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(e.g., at least flS"C, prafarably about 100"C> so that tha 
airyiaiuminoxene i" solubl* form and, arte* h&m<r 
combined with the support Material, will come out of 
solution and contact that support as tha total system is 

5 alloowed to coal. 

It has now discovered that tha non-hydrolytic 1*0*0 
(*pmad-ip*) of the present invention haa surprising 
advantage* over coavaational, hydrolytically prepared FMM) 
in tha propagation of tho aforementioned supported 
10 *»thylalumino*anes <«SMftO*> . PCT Patent Publication Mo. 
RO M/16P92 describes a supported, catalyst oomponent 
prepared by haatin* a support material oontainino 
aliiminaxane under an inert atmosphere and at a temperature 
sufficient to fix aluminoxano to tho support material. 
15 In this publication the aluminoxane and support are first 
contacted in a dlluant or solvent, which is removed prior 
to tha heat treatment step. This disclosure relies upon 
en* use of an »Jumift©*»n* Which is preparad ty tne 
controlled hydrolvai* of trirwthylsiuminum speeies. The 
20 instant application discloses novel, non-hydrolytie routes 
to aluminoxanas, which have not previously been applied to 
the problem or preparing a supported catalyst component. 
Surprisingly, in accordance with the present invention, it 
baa been found that the utilisation of non-hydrolytio 
• 25 pQlvmethylaluminoJiana <PMftO-IF> , instead of conventional , 
hydrolytic, polyiaethylaluminoxane <PHAO) , allows for tho 
preparation of a supported aluminoxane catalyst component 
with high recovery of aluminum, with low ox tractable 
aluminum, with superior ability to bind a transition metal 
30 component, and which can be converted to a catalyst with 
superior polymerisation activity, wnen a corresponding 
supported aluminox&na catalyst component is prepared from 
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* — i# ' r tir c^v« « - 

supported aicwu-noxan* cataxy*^ 
-hililar to bind zirconium ror «ranple. 

Hill in the art, tho aluminoxan* products that c*n be 
~^X.t. in tbo» .iagl.-«» <»-««°=«--*"«" 

JL— m a — ««— - — ™* 

° , . n „i HnB . that »ro currently 

u ,e with tho aiuaino^m* « am «o 8 it»on» t*at ^ 

known u-ed in that »«**r. 

.,„, .mi ba fuzthar illustrate** °Y 
The present invention win m iuiw '" 

the K*aa*>le» whloh follow. 



15 



15 



0^/20/90' WED 15:45 TAX 703 416 0369 



Al*TO , TAT 



FC17US96/1 9980 

WO 97/23289 



EXAMPLES 

Standard air-£r*e glovebox and Schlenk line 
5 techniques were used. Polymerization teste wre conducted 
in H**ane at B5 °Cj under a total pressure of ISO paig 
(«Wiyl6na + hoxane 4 hydrogen) , ueing rac- 
•thYlenebisindamrl zirconium diehl orido : trimdthylaluminwi 
l:SO as tha catalyst precuraor component with the 

10 aluminoxana prasont at looo:l Ai.Zr, Trimethylalunanxim 

C37.2 wt * Al> and polvmethylaluininaxana (pmao) in toluene 
19.0 wt * JU) were obtained from Akco Hobel Chemical a 
Inc M DMfr Park Wt, and used aa received, Ban2opfeenane 
and bena^le acid were obtained from Aldrich Chemical Co . , 

15 placed under a nitrogen atrooaphere, atid otherviae ueod as 
received . 
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10 



15 



20 



A solution of trimetbylaluniixium (2.00 g 

1 . and the suiting ■* * * '~ ~ 

^d one ^ — * gi~ a aol^~ *r ai*yi*i™ 
•ryxallcaxldaa with the ovrall ccaipo-itxon 

8 „Ld It to 1- - mixture of th. diac^te compounds; 

( fC H ) JfeCO) »AlMot and < (CM *eC0> ^ - «*• P"**** 
(lCiH s >aWoww#»xv* z - n *r and remain 

Mid heated. ~ i- , ^ Mny bourB at 65 

unchanged according to H NHR. 

^ d to th- ^yLlunuLnux. aryl.lKoHid* solution ~* «*e 
at so «C for 3.2 hours. At tha -a* of thle 

tirae , analyaie by Ml M ^ o^ 1 ""' 1 
.p**- war* no xongor preaant, and that eluminoxane 
nusLetiea we« P-sent. Aa ethylene polymerisation teat, 
which normally yield* about 700 *g *E/g ^ *» ««* 
optional FMK> P«r*P*«° bY «cao Kobel Che^l* 
gave 1380 kg l«/g «r hx using *hi* poly~thylai™ninoxane 

instead. 
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WO 

A solution of triMthylaluminum (2.00 a 
tri^thylaluxuinvun, 3-10 9 toluene) — treated ** th * 
5 .olution of benrole acid 

<1.35 g of benaoic acid in 19.4 g of toluene) at 0 C. 

Wthano g« — AnalyBiS * 8h ° Wed 

»ixture to ^ PHM^COAl and M.A1 M 

rotetioa. wnen thi* — - — « ^ ~ 
four houFB, no change occurred- 

A catalytic amount of iWW> |0.*3 «, »-0 vt % AX) «a. 
to the alkylnluminun. altoxid* and alundnoxane 
action, and advent — *d in vacuo, to giv** clear 
.H^y vlacoua liquid. This liquid waa heated at 80 C 
for 1 hr and SS ai»«t«i, to give a clear, a»orphoua, 
toluene .olUbU Analgia by *H MMR ahowad that 

alkoxy aluminum .pacia- -are no longer pree-nt, and that 
aluminexane moietie. vara preaent. ^ M inaoluble 
*lu»inum-containing byproduct* vara formed, thxe 
p^uon gave a quantitative yiel* of cacalytically 
ueeful pol W thyl-ai™ino*ana. In an accelerated ag*»g 
taot , conducted at .fTc. the polyiueWiaXu^ncxane prepared 
by thi. Example regained clear, hcnoganaoua and free of 
-•la for up to tan day*, while a conventional . 

■ ' FMftQ showed gal 



10 



15 



20 



25 nyrtroiytieallY prepared, 

formation within three to five day* at the a«e 
temperature. An enplane polymerization teat gave 680 Kg 
PB/g *r hr uaing thi* polvwethylaluminoxMi* . 
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FCTSlIS9tfl99W> 



111022 



10 



IB 



TMM. (15.00 9) wa« mi**d with tol**»e 19.2* g> and 
w.„ then reacted with carbon dioxide <3-1« g) at room 
temperature to form an alkoayalitfnwWKft and 
aUtyialuninowne-eontainlBg FW*> precursor compoaition. 
Thia mixture «•* heated at 100' C for twenty-four hotire to 
oi W a «l**r, vi.coua »*— * nm* « ~ ^ 

bean converted to FMftO. Alkoxyalwninum epecies vera no 
longer dot eatable by HMR an*ly-i«. As no maeluhle 
aluminum-containing toyproducta were fotmad, thia 
preparation g«v« a quantitative yield of cataXytioally 
uaewi polyeothylaltt^-noxane- a polymerization teat with 
thia Mtoriftl yielded 24O0 kg PB/g 2r hr in a thirty 
minute te»t. 
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5 Using the Mm© procedure that is described in Example 

2., TMfcli (t.M g) in ft. 51 g of toluene was treated with 
naat bonaei* aoid (5.40 g> to oivo an arylalkoxyaluminia*- 
oontaii»±ng inethylaluminoxane precursor. Hoating of this 
mixture at BO'fc foe f ive hours tfave conversion to PMAD. As 
10 no xnaolutole aliaminum-oontaining byproducts formed, 
this preparation gave a quantitative yield or 
catalytically useful pelysiethylalimiinoxane . 

Fig . I shows the Me-Al raglnn of a V H HMR spectra of 
conventional EMAO obtained from a commercial source, ttbo 
15 spectrum dearly contains we signals, a broad signal due 
to methylaium±no*ane speeiea, and a sharper signal dna to 
trimBthylaluminum species. Fig- 2 show the easts region 
of the spectrum of PMAO prepared in thia XxaopLe. Unlike 
the oownereially available IWAO, the material of thia 
20 invention shows only one broad signal in the depicted 

region. The product is substantially free of XMM. in that 
no distinct l H MMR signal from TMM. is discernible. 
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5 A -th carbon dioxi** <!-• 9 

di«W-> ov«r a period of • 0» _^ aftd 

-,«vt-urB ta contain (CHa)sOT 
Showed thi* «A*ture t fror ^nty- 

. Heating thvs oatnplo at * 

Ho-over, «h«m b«t.d tor fav. 

- — — — rr. ::r:;jrr~ 

r*«idual t-buto«Y «xgft*la, «>a a 
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An ethylene polymerisation te-t gave x 
Exaicple* 
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EXAMPLES 6-15 

All manipulations in these Example were conducted 
wit* ti» avail^l* *i*-f~* teehnxjues, including 

S SchlenK line inanimation* and inert Sphere glove-bo* 
toques. On-lina storing of the box atmosphere 
^nerally ahowed 0.1-1.5 PP* oxygen *ith brief ™ 
^ 2 _ € pp*n when opening tho ante-chamber door) and 0.5-3 
wtar (wit* sxeuraioM to about 6 ppm) - 
10 Pollination testa war* conducted i» a jacketed on* 

-tea! szppkRCI^vb autoclave ^ Autoclave 
£flginM „. The polymerisation action- were conducted 
with iso psxg etnyi-" *uppii«* °« <***™* to * ~ act ~ 
charged with 25-50 mu Of the catalyst <containxng 1-2 
15 ad™—!., zr, depending on expected activity and planned 
teat duration), 500 mL hexane. and 2 mmole ™*> * 
M » .e»vangex> . Prior to each poly-eriaation the 
reactor body was removed and oven dried for - hour at 
1P0-C-120-C <vith water drained from the heating/coolxng 
20 jacket) . The reaetar w*» *i«*Y« ^»^ l8d whil * 

fcoov was still hot from the oven, and purged with nitrogen 
for 15-30 minutes while the reader cooled somewhat, 
After purging, the recirculating bath was reconnected, and 
th. reactor heated to 50-C. The reactor was pre-treated 
~25 with TEAL (0-2 wmole) in haxane (300 mL) . 

Prior to use, DAVTCCW M8 micro-spherical silica w*s 
dehydrated by calcination in a nitrogen fluidixe* **d. 
TjUMe 1 summarise* silica used in this work. 

Mon-hydrolytically prepared polymethylaluminoxane 
30 l»<AO-XP> was prepared according to the general teachings 
of Example 3 contained herein. 
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Table 1. Calcination 





Calcination I 
Temp.*C 


wt. loss 
t*> 


Residual 
OH 

immolate I 




200 *C 


3.9 


t.52 


400 "C 


6.2 J 
5.5 


1.06 
1.06 




flttD"C 


7.1 

j«-2 


0.65 

0.71 



10 



15 



" 20 



25 



^ur, for Haexne BKfeC. M **• 

proeadure — * «« a11 «- ^ mplM in TableS 2 
U^-nack factor <250 *» , with «» 

inlet, fritted-glaa. t«~ gas-antler. 'TT^ _ 

pX»ood under a nit^n ataoapher* c^x^d with 10-11 

7— CBili- » . Toluen* (45 *> «»> ***** *•*- ° 
■lurry, and etirri.* wae bs«». *n il^t °* 
eolation CK.91 «. 14.8 wt % AX) «. then added 
™, 0.5 hour vita .ti«i»g at 23-24'C. After the ^txe. 
» m W l*t*d, the ^n„ ^re wa. heated to 100 C in 
order to iaurc eolubi Ration of the »»0-l», — — ^ 
at that tan^ature for one Hour. After the reaction 
fixture had cooled hack to room te-peratvra, it « 
tranaferred via a x/a outer dia»ater polyethylene 

^ ^ula to a bott— fritted three-neck H». 
(250 *L). equipped vith ga« ^let, frlttad-glas. harrier 
oae-outlet, and temperature aanaor. **a supernate ~. 
r^^od and the SMKJ product was iaoiated by filtration 
through' the bottom frit. The filtrate *aa collected and 
«a. aet aside for analysis. The SMAD vaa then vaeou™ 
dried in a hath at S0»C to obtain a f ree-flewi** P~d~- 

• j iuwi.. 2 and 3 wnietti follow: 
The results are aunmariaed in Tables z ana 
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5* 



CM- 

1 



4f> 



CM 



CO 



g a, 

■5 1 



3 



s 



1 



CO ^ 



<5 

to 



to 



4> 



a 



8 



^ "B ~fi 



a 
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3 



8 

rl 
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nt 
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5> 
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a 



2 



< 

il 

O 



Ul 
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05/20/9^_i>Cn..l8!45 rAX.70£_41« 0969 ALTO. TAT 

WO 97.0328* 



,BW-M> « toluono. A ewJad g3is lnlet adaptor oantainuff » 

WW bottom rrit> ' "J^** fr . ttwl ^ ^ptox, va. eet up and wa* 
Uncouple, a ' glaVebo *, the appa^tu. *W* 

— ^ V ~ lW "' r*JLi L*0 aLple, and the — M atoppar -aa 
~pl»c«i wit. an <^head atxrrmg ahaCt- ~ - ^-cppad 
.nd thro* 15 «~ ^ thie ^ «as , SO ^ ^ totU. 

with BX2-M luauallV IOC n*> and * diwl ution. 

»™«mllv 30 «> vae addad to obtain otp**" 

to th. uln(MWW W l« — «-» 

, . . VK _ fl topper, and th« catalyst t-»« 
Th» stirrer wa* replaced va.th a stopper, ^t-w.t {daA 

^„„t.. * 3S ,. *~ ' • U — I¥ 

„«!¥<.* pr.pT.tion. «d l»«f—»" d * ta! 
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WO 5705*W 



of p erfom»ancej**ul£_ 

r — i — 




«.»..«• ouao-IP binds mox>e 
W » data *boV sh^s that SWO ws 

-in™ than conventional a 
10 eon^lafJY to oal~n allHnlnll « loadinC ^ 

for tne proration of SMM> ~* sirconiuw «P~1«* 

rt*mlt* J- n BMW . . 

fo«oina a mare «txV »Uly.t. 
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• MM t-h«v merely illustrate 

r~* ««* « «- * ich f ° iie "" 
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We Claim; 



1. a po.1 y»»thy lalu»i noxane 
trimathylaluniitiuBi- 



eompoaition substantially free of 



2 A p»o»»« which aempttaea th« nom-hydxolytic 
transforation of .ft alomi»o«ane pr«ureor oanpoeitiion , whiC * 
^priaa* moietia. e^taialn* ^rboa-to-oxygon bond- that can ba 
alkylated by alkylaluminun, moieti« S , to fom a co«po B xtion 
cc«pri,ina eatalytieally uaeful alkyL^uminoxana moietiea. 

3 Th6 proo«« of Claim 2 the alurainoMuie pracursor 
c^oextion 1. ro»*a by roaetion of a trialaylaluminiu* 
eampound, or a mixture of trialkylaliwiinum ecrceounda. and a 
o^ouad containing earbon-to-<*Y9«« bond*. 



A Tn- procea* Of Claim 2 "hero aluminoxane preeuraor 
«*mpo fl ition ia formed by the reaction of a triallcylalu-inum 
compound, ox* a 
dioxide . 



miaeturo oe trialkylaluminum compounds, and carbon 



5 The procaae of Clai» 3 therein the eonflpound i« .elected 
from the group oonaiating of the eloohola, ketone, and the 
carbo*ylic aeide. 



6 The prooesa of Claim 2 wherein the precursor conpoaltlon 
1B Germany «a».for»ed and had boon formed by the reaction of a 
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(MDOttBd( or a mixture of tri^yialumin^ 
trialkyl»ltt»in»" compound, or 
^e^, and dioxide. 

7. Tho pro«i«« ° f trijnfit hyla)Wnum and one cr 

^^ylai™**™ ""^^^^ iftg on al*yl *rcup *hi<* 

^ trielkylali»i«>* c-^mnds con** 
L8M two or wore e*rb©« atom*. 



. ^ tho prooec- of any erf Claim* 2 to 
8. The product formed by the p*o~~ 

7. 

wwtfiuct formed by tha pro«*» a ° £ 

any of Claims 3 W> 7 • 

l0 . ™^ * — * - * 

CLaivte 2 to 7* 

». - — — — ■ »— - ** 

- A f Claims 2 to 7 - 

tha prooeea of any 

13. MC.1V* <OT ~ ° „„,„. optl.on.llV on . ~PP«rt, 
olefins whach w 

forme* by tha proeeaa of any of » 

-itions for «•» in the polymM nation of 

14. catalyst compositions for w» Mt ionallY on a 
" ^ idn oompriae a ^lym.thylaium.noxa- , optionally 

olefin. fl of ^ of claim* 2 to 7 . 

rapport, formed by the P™« 
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